The aim of this study was to evaluate the effect of the Heat Shock Proteins GroES, GroEL and DnaK on the expression ofthe costimulatory molecules CD80/CD86 in B cells and macrophages. The interactions among these molecules are able to highly influence the immune response through the regulation of cytokine liberation which, on their own, are able to regulate the immunological response by a feedback mechanism. Our results showed that, on B cells, GroES and GroEL stimulated the expression of CD86 but did not induce the increase of the CD80 expression. CD86 peak expression showed a peak after 24-48 h of culture and decreaseed 60h after the stimulation. GroES and GroEL also stimulated the expression of CD80 and CD86 on macrophages. The same HSPs did not modify the expression of CD80 and CD86 on cells having characteristics of activated macrophages, the A-THP-l cell line. DnaK did not induce any increase in the expression of CD80 and CD86 on lymphocytes or macrophages.
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HSPs were identified as immunodominant antigens in a variety of microbial pathogens (1) . T cells and antibodies might be directed against epitopes shared by host and parasite HSPs and thus may break tolerance to self antigens. Heat shock proteins belong to a family of related proteins ranging from 15 to 110 KDa which are induced and/or constitutively expressed by prokaryotic and eukaryotic cells in response to stressful stimuli and which appear to protect the cell against damage due to stress-induced proteins misfolding (2) . Both mouse and human macrophages respond to contact with exogenus HSP60 with a rapid release of proinflammatory mediators and production of NO (3) (4) . Activation of monocyte/macrophages is mediated through CD14 and a complex consisting of Toll-like receptor 4 (TLR 4) and the adapter protein MD2 (5) (6) . The capacity of HSPs to deliver exogenus protein Ags into the endoplasmic reticulum associated with MHC class I pathway has been recognized as an important mechanism of cross-priming (7) (8) .
M tubercolosis HSP60 (9) and GroEL (10-11) can stimulate human vascular endothelial cells to express ICAM-l, VCAM and E-selectin by a mechanism which does not involve the proinflammatory cytokines IL-l and TNF. Productive T cell activation also requires interaction ofICAM-l and LFA-l molecules; Brucella abortus may augment interactions of APC with T cells via direct induction of ICAM-l and CD80/CD86 on the APC (12) . Our hypothesis was that the immunopotentiating ability observed is at least in part mediated through HSP induction of CD80/CD86 costimulatory ligand surface expression. CD80 and CD86 and their counter receptors CD28 and CTLA4, are molecules present on APC and T cells respectively, involved in the second costimulatory signal for the expression and functional differentiation of Ag-specific T cells (13) . Interaction of Ag with TCR results in either clonal expansion or unresponsiveness (anergy). This can be explained by the observation that T cells require two signals for activation. The first signal is delivered via TCR binding, which alone fails to induce complete T cell activation, whereas a TCR signal plus a second costimulatory signal derived from APC causes activation. The best accepted and most rigorously characterized costimulatory molecules are demonstrated to be theGD80/CD86 proteins. In this report, the expression of CD80, CD86 was analysed on B cells and macrophages stimulated by HSP.
MATERIALS AND METHODS

Reagents
GroES, the 10 KDa HSP (HSP 10) of E. coli, GroEL, the 60 KDa HSP (HSP60) of E. coli, and DnaK, the 70 KDa HSP (HSP70) of E. coli, were purchased from Boehringer Mannheim. All the HSPs were detoxified before being tested on cells. The detoxification was performed using Detoxi-Gel Affinity Pack columns (Pierce). LPS concentration was estimated to be <0.005% w/w with Lymulus amoebocyte lysate assay (14) . In addition, to neutralize the biological activity of traces of LPS that could be present in the preparation, HSPs were incubated with polymyxin B (Sigma-Aldrich) at room temperature for 1h at a ratio of 1:10. In addition heat denaturated HSPs were used as controls.
All antibodies were used at saturating amounts for flow cytometric studies. We used the following antibodies by Pharmigen (San Diego): anti-CD3 FITC-conjugated mouse anti-human monoclonal antibody (MAb) (clone HIT3a); anti CD19 cy-chrome'Y-conjugated mouse anti-human MAb (clone HIE 19); anti CD28 PE-conjugated mouse anti-human MAb (clone CD28.2); anti-CD80 (B7-1) FITC-conjugated mouse anti-human MAb (clone BB1); anti CD86 PE-conjugated mouse anti-human MAb (clone IT2.2); anti CD152 cy-chrome r -conjugated mouse antihuman MAb (clone BNI 3.1). Anti-CD14 PrCP-conjugated anti-human MAb (clone M<j>P9).
Preparation ofcell suspensions
Peripheral blood mononuclear cells (pBMC) were obtained from a buffy coat of a blood sample from healthy adult donors (courtesy Blood Bank of the Second University of Naples, Italy). Buffy coats were diluted sixfold with RPMI-1640 (Labtek Laboratories, Eurobio, Paris, France) and washed twice. The pellet was resuspended in RPMI-1640, applied on Ficoll-Hypaque gradients (Pharmacia, Uppsala, Sweden), and centrifuged for 30 min at 900 x g. PBMC were washed twice, and subsequently fractionated by centrifugation over continuous Percoll gradients (4x10 8 cells/tube) at 500 g for 30 min.
The cell suspension was suspended in RPMI-1640 with 10% fetal calf serum (FCS) and incubated for 1h in 5% CO 2 at 37°C for separating adherent and no-adherent cells. The adherent cells were cultured overnight in RPMI-1640 with 10% FCS. Cell viability was evaluated by the trypan blue exclusion test. At least 96% of the cells thus obtained were monocytes as determined with a FACS analyzer (Becton Dickinson, Mountain View, CA) with anti-CDl4 MAb.
No-adherent cells (lymphocytes) were harvested, washed, and resuspended at 3x10 6 cells/ml. Flow cytometry analysis of stained cells with anti-CD 19 MAb (Boehringer-Roche, Mannheim, Germany) of stained cells demonstrated that more than 24% of the isolated cells were B lymphocytes.
An activated clone of the monocytic cell line THP-1 (202-TIB, ATCC, Rockville, MD, USA) was grown at 37°C in an atmosphere of 5% CO 2 in complete medium consisting of RPMI-1640 supplemented with 10% heatinactivated FCS, 2mM L-glutamine, 100 U/ml of penicillin, lOOl-lg/ml of streptomycin.
Cell stimulation with HSP Lymphocytes (3xI0 6 / ml) were incubated at 37°C in 5% CO 2 for the indicated times either with HSP diluted in the cell culture at the appropriate concentrations or with 1ug/ml LPS (Sigma) from E. coli serotype 026: B6.
Flow cytometry
Immunofluorescence and flow cytometry were performed by using a FACS IV (Becton Dickinson Mountain View, CA, USA). Cells were stained at 4°C and washed in Hank's balanced salt solution containing 1% bovine serum albumin and 0.1% sodium azide. Macrophages (10 6/ml) were stained with Peridininchlorophyll-protein (PrCP)-conjugated anti-CDl4 MAb plus Phycoerythrin (PE)-conjugated anti-CD86 MAb and fluorescein isothiocyanate (FITC)-conjugated anti-CD80 MAb, to determin the CD8Q+ and CD86+ cells; lymphocytic cells (10 6/ml) were stained with: (i) cychrome'r'-conjugated anti-CD 19 (MAb) plus FITC-conjugated anti-COSO MAb and PE-conjugated anti-C086 MAb to examin COSO' and C086 ' B cells; (ii) FITC-conjugated anti-C03 MAb plus PE-conjugated anti-C02S MAb and cy-chrome" -conjugated anti-CDl52 MAb to determine C02S ' and CDl52' T cells. To allow direct comparison of staining intensities, the values of median channel logarithmic fluorescence for the gated cell populations were converted to linear units using an empirically derived standard calibration curve for the logarithmic amplifier used (15) .
Statistics
All experiments were carried out in triplicate; results were expressed as the means ± standard deviation. Comparison between tests was performed by Student's t test, with statistical significance considered to be p<O.05.
RESULTS
C080 and C086 expression were examined on unstimulated B cells or on B cells stimulated with GroES, GroEL and OnaK at a concentration of 10 ug/ml, This concentration was chosen because of its optimal activity shown in previous experiments (data not shown). Freshly isolated B cells were suspended in medium (RPMI-1640) and were stimulated with each HSP for 24h. Unstimulated B cells were unable to express C080 on the surface and expressed C086 only at a low level. LPS stimulation increased the levels of expression of both molecules and was used as positive control in our assays. The B cells stimulated with GroEL or GroES showed an increase in the fluorescence intensity when stained with anti-C086 MAb. There was no increase in the fluorescence in cells stimulated with OnaK. The increase of the C086 (20±3%) expression in B cells stimulated with GroEL, was comparable to the increase due to LPS (28±5%); instead, stimulation with GroES induced a higher expression ofC086 (33±5%). The results are shown in Fig . 1 . The dose response plot showed that the higher stimulation activity was obtained with 10 ug/ml of HSP, higher doses showed that stimulation increased only slightly. The three HSPs tested are unable to stimulate the expression of C080. It can be excluded that the effects of HSP described are due to contaminating LPS in commercial HSPs. It has been shown that C080 and C086 are induced with different kinetics and thus may play different roles in regulation of immune response (16) . Then we verified the kinetics of induction of C080 and C086 expression on B cells stimulated by GroES and GroEL. About 10h after stimulation with either LPS or GroES or GroEL, increased expression of C086 was detected; peak expression occurred after 24-48 h of culture. By 60h from stimulation CD86 expression decreased (Fig. 2 ). At the time tested there was no change in the expression of CD80. The monocytes isolated from peripheral blood expressed low levels of CD86 and undetectable levels of CD80. Stimulation of monocytes with HSPs did not show any modification in the expression of CD80/CD86. When monocytes were cultivated in vitro for five days and showed higher expression of CD80 and CD86 compared to untreated controls (Fig. 3) . We also examined THP-1 (acute monocytic leukemia cell line) for expression of CD80 and CD86. This cell line expressed mainly CD86. Stimulation with each HSPs did not cause any change in both CD80 and CD86 expression, as assessed by cytofluorimetric analysis with specific fluorescent antibodies (data not shown). All possible traces of LPS were identified by the Limulus amoebocyte lysate assay. All HSPs were negative in the Limulus amoebocyte lysate test at the concentrations used. In addition, to neutralize the biological activity of traces of LPS, that could be present in the preparation, HSPs were incubated with polymixin B. In all of the tests performed, HSPs plus polymyxin B gave the same results as HSPs alone. Heat denaturated HSP did not activate B cells and macrophages.
DISCUSSION
Recently, heat shock proteins have been found to be immunodominant targets of both humoral and cellular immune responses (16) . The immunomodulation of HSP, and specially of GroEL and its homologous, is presumably related to its abundant expression which is produced during macrophages infection (16) . HSP show antigenic properties, but also have several important biological properties. Eukaryotic HSP60 has been demonstrated to be a receptor for many different ligands. Surface HSP60 up regulation positively correlated with expression of amino acid transporters in CHO cells (17) and B cells (18) . Surface HSP60 may activate and modulate the binding activity of mature a3~1 integrin on breast cancer cells during their metastasis to lymphonodes and osteoblasts (19) . In addition HSP60 enhanced the in vivo GTPase activity of surface p21ras, a signal transduction protein, in rat fibroblasts (20) . Our results show that GroES and GroEL induce an increase in the expression of CD86 on lymphocytes and an increase of the expression of CD80 and CD86 on macrophages. The maximum increase in the expression of CD86 is shown at 24h while at 60h the expression of CD86 reach the background level. CD80/CD86 can provide costimulatory functions (21) (22) . The increased expression of CD86 may represent one of mechanisms able to induce an inflammatory and immunological reactionto microbic HSP. Immune responses to microbial HSP60s are speculatedto initiatechronicinflammatory diseases in which autoimmune responses to HSP60 may be central to pathogenesis (23) . Both T-cell clones with self HSP60 reactivity and high titers of antibody responses to self HSP60 have been identified in patients with several chronic inflammatory diseases (24) (25) . Eucariotic analog of GroES is HSP27. HSP27 was initially characterized as a protein whose phosphorylation and concentration were modulated by heat shock (26) . Subsequent studies showed that HSP27 has a strong protective activity against a number of cytotoxic agents, including oxidative stress, chemotherapeutic agents, and cytokines (26) (27) . Various mechanisms have been proposed for its protective activities. HSP27 modulates actin polymerization in vitro, and expression of HSP27 stabilizes actin stress fibers in vivo during oxidative stress (27) (28) . HSP27 also has been proposed to decrease intracellular reactive oxygen species (29) . Recently it has been demonstrated that HSP could block apoptosis (30) (31) . HSP27 exists in cells as a large homotypic multimers in dynamic equilibrium with a smaller proportion of dimers. During stress, phosphorilation ofHSP27 induced a shift in the equilibrium between dimers and multimers with a rapid accumulation of dimers as the major species (32) . The protective activity of HSP27 against apoptosis was totally dependent on the oligomerization and phosphorilation status of HSP27. HSP27 is phosphorylated upon cell stimulation by a number of growth factor agonists, cytokine lipopolysaccharide, and stress such as that due to heat shock and oxidants. It is phosphorylated by MAPKAP kinase 2, a serine kinase activated through direct phosphorilation by the MAP kinase p38 (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) .
GroEL and GroES have immunogenic properties and can also stimulate immunocompetent cells to express a greater amount of costimulatory molecules which are involved in the complex interaction among cells in the immunological response.
The up-regulation of CD80/CD86 costimulatory ligand on B cells and macrophages caused by bacterial HSPs has, as a consequence, the increase of the ability of these HSPs to costimulate T cells. The requirement of at least one of the ligands CD80 or CD86, is characteristic of many different types of immune responses. These results highlight the key role of CD80/CD86 costimulating ligand expression in the complex functions expressed by HSPs.
